MEKK1 signaling through p38 leads to transcriptional inactivation of E47 and repression of skeletal myogenesis.
Activation of the Raf kinase signal transduction pathway in skeletal myoblasts causes a complete cessation of myofiber formation and muscle gene expression. The negative impacts of the signaling pathway are realized through downstream activation of mitogen and extracellular kinase (MEK) phosphorylation-dependent events and MEK-independent signal transmission. MEKK1, a kinase that can physically associate with Raf, may contribute to the MEK-independent signaling in response to elevated Raf activity. Myogenic cells overexpressing activated Raf and kinase-defective MEKK1 remain differentiation-defective, suggesting that MEKK1 does not contribute to the inhibitory actions of Raf. However, constitutive activation of MEKK1 dramatically inhibits biochemical and morphological measures of muscle formation. MEKK1 inhibits MyoD-directed transcriptional activity without altering the ability of the protein to form heterodimers with E2A proteins or bind DNA. By contrast, the transcriptional activity of E47, the preferred dimer partner of the myogenic regulatory factors, is severely compromised by MEKK1-initiated signaling. Inhibition of MEK1/2 and JNK1/2 function did not reinstate E47-directed transcription, indicating that these two downstream kinases likely are not involved in the MEKK1-controlled transcriptional block. Inhibition of p38 signaling overcame the negative effects exerted by MEKK1 on the amino terminus of E47. Closer examination indicates that E47 is phosphorylated in vitro by p38, and deletion analysis predicts that the critical amino acid(s) phosphorylated by p38 lie outside of the minimal transcriptional activation domains. Thus, modification of E47 by p38 likely disrupts higher order protein complex formation that is necessary for muscle gene transcription.